an accelerated increase starting in 2004, which was then interrupted from mid-2008 to mid-1 2010. These variations may be due to one or few large industrial emitters changing production 2 procedures and/or product ranges. In more recent years we observe a strong growth and 3 atmospheric abundances of HCFC-133a increased by 45 % in the last 2.5 years of the record. 4
The estimation of global emissions of these ODSs from the inferred time trends requires 5 knowledge of their atmospheric lifetimes. Only in the case of HCFC-133a has an estimate 6 been published (4.3 years 2 ). Stratospheric lifetimes of CFCs are essentially identical to their 7 total atmospheric lifetimes 2 . We use measurements of these gases in air samples collected in 8 the stratosphere and apply a previously described methodology 10, 11 . This method allows the 9 estimation of the stratospheric lifetime of an unknown compound to be inferred from its 10 correlation with a compound of known stratospheric lifetime. We utilise the correlations of 11 the newly reported compounds with that of CFC-11 assuming a recommended lifetime of 45 12 years for the latter 2 . The resulting lifetimes are similar to that of CFC-11 with 51 years for 13 CFC-112 (uncertainty range from 37 to 82 years), 44 years for CFC-112a (28 -98 years), 51 14 years for CFC-113a (27 -264 years), and 35 years (21 -92 years) for HCFC-133a. In 15 agreement with 2 the stratospheric lifetime of HCFC-133a is much longer than its overall 16 atmospheric lifetime. As with other HCFCs its loss is dominated by the reaction with the OH 17 radical which occurs mainly in the troposphere. 18
Another important quantity that can be inferred from stratospheric measurements is the Ozone 19 Depletion Potential or ODP which "represents the global ozone loss due to release of a 20 particular molecule relative to a reference molecule (generally CFC-11)"
12 . We infer semi-21 empirical ODPs of 0.88 (uncertainty range 0.62-1.44) for CFC-112, 0.88 (0.50-2.19) for CFC-22 112a, and 0.68 (0.34-3.79) for CFC-113a. Taking into account that CFC-11 is a strong ODS, 23 this implies that the three new CFCs are comparably dangerous to stratospheric ozone on a 24 per kg basis. For HCFC-133a we determine an ODP of 0.02 (0.00-0.12) which does not 1 significantly differ from zero within uncertainties, but agrees with the range listed in the 2 Montreal Protocol (0.02-0.06). We conclude that its ODP is comparatively low (i.e. < 0.12) as 3 is expected for an HCFC. 4
The estimates of the lifetimes, in combination with the Cape Grim observations and a 2-D 5 chemical transport model 13 , enable us to infer the global emissions ( Figure 1 ). Compared to 6 other ODSs, which can have mixing ratios of up to hundreds of ppt, the abundances of these 7 gases have remained small. Their temporal evolution however reveals that emissions of up to It cannot be concluded whether the observed atmospheric abundances of these ozone 17 depleting gases are due to their use as feedstock and chemical intermediates and subsequent 18 fugitive emissions, or even due to production that is not sanctioned by the Montreal Protocol. 19
Given that emissions of two of these gases have been increasing considerably in recent years, 20 it may be time to both investigate the origins of these compounds. To ensure the long-term 21 efficacy of the Montreal Protocol it might be worth reconsidering its reporting regime, 22 including the differentiation of isomeric forms. 23 24
Methods summary 1
All samples were processed by cryogenically extracting and pre-concentrating the trace gases, 2 followed by their gas chromatographic separation and detection with a high-sensitivity mass 3 spectrometer. The system has been described in detail 9 as have the collection details of the 4 samples originating from Cape Grim (from 1978 to 2012 in this study), Greenland (firn air 5 from the NEEM project, collected in 2008 19 ), and the extra-tropical stratosphere (2009 and  6 2010, between 9 and 20 km). Storage problems of CFC-112a were overcome by the use of 7
Silco TM -treated sample containers after 1999. 8
The physics of trace gas transport in the NEEM firn was modelled with a multi-gas approach 9 as previously described 20 . This model was inter-compared satisfactorily with other state of the 10 art models 8 . The atmospheric time trends were then inferred from firn air concentration data 11 using a recently improved inverse method 21 which accurately reconstructs long-term trends in 12 past atmospheric abundances from firn air measurements. 13
The exact methodology for the estimation of stratospheric lifetimes and ODPs includes a 14 correction for the slower vertical transport in the stratosphere as compared to the troposphere, 15 which influences the spatial distribution of the reported compounds. For instance, an air 16 parcel at an altitude of 21 km may have entered the stratosphere some years before the 17 collection date, and tropospheric abundances of trace gases could have changed during that 18 period. We here apply corrections using mean stratospheric transit times derived from 19 measurements of sulphur hexafluoride 10 . For more information on methods, calibrations, firn 20 and emission modelling and additional data please see the Supplementary Information. 21
